We introduce both idiosyncratic and aggregate shocks in an endogenous growth model with endogenous partial insurance to the idiosyncratic shock. Aggregate uncertainty introduces an additional channel that can play an important role in determining the effects of private information on expected growth and asset prices. We show the impact of aggregate and idiosyncratic shocks on expected growth and on the variability of individual quantities and asset prices.
I. INTRODUCTION
The last ten to fifteen years witnessed an increasing interest in the area of economic growth from the point of view of the neoclassical framework. The new interest emerged first from contributions in the 1980s that essentially directed this area to a second generation of growth models where either production externalities or human capital accumulation delivered growth endogenously. Parallel to this development, there has been an increased interest in the study of general equilibrium with informational asymmetries. 1 This paper presents analytical and quantitative results in a simple general equilibrium framework with endogenous growth and potential private information about the productivity of individuals. In particular, growth is driven by a stochastic "Ak" type technology as discussed in Rebelo (1991) . The potential private information is about the individual productivity in operating a given stock of capital as in the recent contribution of Khan and Ravikumar (1997) . The main contribution here is to introduce idiosyncratic and aggregate uncertainty, but the individual has no access to perfect capital markets. The extent of insurance against the idiosyncratic shock is endogenously determined by an efficient long-term contract with intermediaries. Risk averse individuals would like to fully insure against idiosyncratic shocks but private information prevents them to do so. Thus, we analyze the effects on growth and asset prices of private versus full information of the idiosyncratic shock, in an economy with capital accumulation and aggregate uncertainty.
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A main contribution here is to explore the fact that the correlation between individual and aggregate productivity can be plausibly either positive or negative. We show that depending on the sign of this correlation, the effect of idiosyncratic risk on growth and asset prices can vary substantially. Also, we show that the effect on individual variability, relative to aggregate variability, is a function of the way aggregate uncertainty impacts on the probability distribution of the idiosyncratic shock. If the probability of high individual productivity is larger when the good aggregate state occurs, the variability of individual consumption is larger. However, if the 1 See Barro and Sala-i-Martin (1995) for a recent survey on economic growth, and the seminal contributions of Prescott and Townsend (1984) and Atkeson and Lucas (1992) on asymmetric information. probability of high individual productivity is smaller when the good aggregate state occurs, the variability of individual consumption is smaller.
In another dimension, Khan and Ravikumar (1997) , in a similar model without aggregate uncertainty, have shown that private information reduces expected growth, and the effects are quantitatively small. Our result is that adding aggregate uncertainty introduces an additional channel that can mitigate, but never reverse, the negative distortionary effect of private information on expected growth. In addition, we show that the growth effects of individual private information with aggregate uncertainty may be larger than without aggregate uncertainty.
One of the motivations of this study relates to the well-known failure of the representative agent paradigm to cope with the fact that the variability of individual consumption and income is much larger than the variability of aggregate per individual consumption and income, e.g. Deaton (1991 Deaton ( , 1992 , Pischke (1995) . In a model without private information and consequent full insurance to the idiosyncratic shock, individual allocations are identical to aggregate per individual allocations, i.e. the variability of individual quantities is identical to the variability of aggregate per individual quantities as in the representative agent framework. However, Pischke (1995) shows empirically that the variability of idiosyncratic income and consumption is about forty times larger than the variability of aggregate per individual income and consumption. Thus, a serious model of individual heterogeneity must include discrepancies between individual and aggregate allocations.
3 Even though a model with idiosyncratic uncertainty and private information can generate differences in individual variability versus aggregate per individual variability, an important and interesting question is whether private information with idiosyncratic and aggregate shocks can generate significant differences in individual variability versus aggregate per individual variability.
In our model, there is no private or public insurance mechanism available for aggregate shocks. However, an important question is whether these insurance arrangements would be desirable. Attanasio and Rios-Rull (1999) examine the role of public insurance to aggregate shocks in an endowment economy with partial insurance to idiosyncratic shocks. They find that the provision of public insurance can have distortionary effects on private mechanisms. In the context of our growth model, we find that aggregate shocks can mitigate the negative growth effects of private information. Hence, under private information, the provision of public insurance can have detrimental effects on expected growth.
Finally, we discuss the effects on asset prices and excess returns exploring the property that, in the growth framework, the marginal rate of substitution is a function of the growth factor only, not levels. 4 As expected, in the case of logarithmic utility, adding private information in the general equilibrium asset pricing framework may increase the variability of the marginal rate of substitution thus increasing the excess return, e.g. Heaton and Lucas (1992) .
The paper is organized as follows. Section II presents the basic structure while section III presents the solution for the optimal contract. Section IV is the core of the paper where the alternative shocks and information arrangements are analyzed and comparisons and numerical examples are presented. Section V concludes.
II. BASIC STRUCTURE
This is a one-good model with a large number of individual households. All variables are for each individual unless otherwise noted. Time is discrete and a prime next to a variable denotes its next period value. Figure 1 , which will be recalled throughout, presents a sketch of the timings and activities in the model. It is important to emphasize that the long term contract characterized in this paper is only contingent on the initial state, but because we derive a separating equilibrium along a stochastic balanced growth path, in this equilibrium, variables evolve sequentially as in Figure 1 .
We start with the production side. Current output, per quantity of capital, for an individual is denoted by the linear function
where y(z,A) is output deflated by the initial level of capital k Ao which is predetermined from last period, as a function of the aggregate state of technology last period A 0 , used for production in the 4 See e.g. Brock (1982) and Cochrane (1991) for discussions of asset prices in a production framework. The point that the marginal rate of substitution depends on growth is emphasized in Mehra and Prescott (1985) for an endowment economy. Hansen and Jagannathan (1991) A, the probability function may shift. The conditional mean, denoted m(A), is
The key issue here is that the effect of aggregate risk on the probability distribution of individual productivity can plausibly make the slope of the function m(A) be positive or negative (or zero).
For example, in the good aggregate state, G, the probability of high individual productivity, p G , may increase when individuals are willing to be more efficient, implying that m is increasing in A.
However, the probability of high individual productivity, p G , may decrease when individuals are willing to be less efficient, given G, implying alternatively that m is decreasing in A.
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Given (1), average aggregate output per individual, deflated by initial capital, is
Individuals are assumed to be risk averse, with average logarithmic utility
where bÎ(0,1) denotes the subjective discount factor assumed to be identical across individuals and C is consumption.
III. PRIVATE INFORMATION, INCENTIVES AND GENERAL EQUILIBRIUM
The idiosyncratic component z is the individual's private information so that a revelation mechanism has to be designed. We proceed by designing a mechanism based on a simple longterm principal-agent relationship as in Khan and Ravikumar (1997) , e.g. Townsend (1982) which is identical to the growth factor of the capital stock. The timing presented in Figure 1 shows that all observe the current aggregate state in the beginning of the period. Next, the individual provides a report to the intermediary and the intermediary decides on the appropriate transfer and investment to the individual. 7 Afterwards, uncertainty is resolved and the probability function of the idiosyncratic shock yields the proportion of individuals with respective idiosyncratic components so that the average capital stock is predetermined for next period.
Hence, the current contingent expenditure, deflated by the capital stock, for the risk neutral intermediary amounts to
Individual current contingent consumption, c(z,A)ºC(z,A,Ao)/k Ao , then consists of production plus transfers, or
We let Ô' be the current expected discounted lifetime utility entitlement starting from next period onwards, with current full commitment to z, and define a state variable 8 ,
Considering the lifetime utility entitlement deflated by the capital stock imposes stationarity in the state variable, as it does in all other variables of the balanced growth model, so that s'=s. Thus, using the definition of current investment, we have that
and the linear combination of the lifetime utility entitlement Ô and log k is stationary, i.e. s is stationary.
Following Khan and Ravikumar (1997) , Green (1987) 9 , the revelation mechanism requires temporary incentive compatibility constraints of the form:
(i) For an individual, currently with z=b:
(ii) For an individual with z=g:
The constraint in (6a) implies that for all A, conditional on the current consumption of individual z=b being strictly positive, when this individual misrepresents, i.e. b+A+t(g,A)>0, the lifetime utility obtained with truth telling, that is the LHS is
must be no less than the lifetime utility obtained with current misrepresentation and onwards, the
Then, for individual z=g, for all A, g+A+t(b,A)>0 holds by (i), and (6b) requires that the lifetime utility obtained with truth telling, i.e. the LHS
must be no less than the lifetime utility obtained with current misrepresentation and onwards, i.e. the RHS 9 Since Green's (1987) contribution, other papers followed in this tradition including Thomas and Worrall (1990) , Green and Oh (1991) , Marcet and Marimon (1992) .
(
The participation constraint for all individuals is given by
which states that for each A, expected (over z) lifetime utility entering the contract can be no less than the initial expected lifetime utility.
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In addition, using the law of large numbers, we can average s' across all individuals (z) so that letting the population become large allows the idiosyncratic component of the state variable to
is the probability distribution of the idiosyncratic shocks, conditional on A', across all individuals.
For a characterization of the optimal contract, we use the dual approach: the principal solves an expenditure minimization problem whose solution yields the optimal contract, e.g. Khan and Ravikumar (1997) , Green (1987) . Hence, using (3), the optimal contract is the solution to
Bellman's functional equation
where the inner minimum is by choice of {t(z,A), y(z,A), s'(A')} subject to (6a,b), (7), taking r, the discount factor among intermediaries as given, as well as the probability distributions of the shocks.
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The solution for the optimal contract must provide the right incentive for each individual to reveal its type truthfully. In principle, deviations from truth telling allow individuals to consume extra hidden output. To avoid this, the optimal contract has the following characteristics: (i) incentive constraint (6a) never binds; (ii) incentive constraint (6b) binds with associated contingent Lagrange multipliers denoted l(A)³ 0; (iii) the participation constraint binds with associated contingent Lagrange multipliers denoted h(A)>0. The saddlepoint for the appropriate
Lagrangean function implies first order necessary conditions for {t(z,A), y(z,A), s'(A'), l(A), h(A)}
respectively given by
together with the constraints (6b) and (7) holding with equality for each A. The set of first order conditions, yield a total of 16 equations in the 16 unknowns {t(z,A),
The envelope condition (Benveniste-Scheinkman formula) yields: for truth telling when there is private information, so that we observe the usual trade off between risk sharing and incentives. As l(A)>0 increases, it gives the value of the contract in terms of the cost of misrepresenting. In particular, the saddlepoint for the Lagrangean function of (8) yields the maximum l(A) that minimizes expenditures. Hence, the larger l(A), the more efficient the contract is in terms of exploring the trade off between (partial) risk sharing and incentives.
The optimal contract characterized in (9) is a classic separating equilibrium contract. It gives the right incentive for the low productivity individual to reveal truthfully, while making the high productivity individual indifferent. The low productivity individual obtains a small surplus, which induces truth telling, whereas the high productivity individual has no incentive to deviate from truth-telling.
III.A. General Equilibrium and Asset Prices
Perfect competition among intermediaries implies that expenditure will be driven to a minimum or
Any individual with initial capital k, expected lifetime utility Ô, and marginal product z+A, has current consumption, per quantity of capital, given by (4), transfer, per quantity of capital, determined by (9), investment, per quantity of capital, also determined by (9), and output, per quantity of capital, determined by (1). Average per capita aggregate quantities can then be computed along the stochastic balanced growth path subject to the economy-wide resources constraint holding for each current aggregate state, that is
where f k ( k|Ao ) is the probability distribution of the current capital stock, conditional on A 0 , across individuals. From expression (12), in general equilibrium, r has to be such that
or average individual aggregate saving (=E z [-t(z,A) ] ) equals average individual investment
12 Using (11) and (13) note that
so that it confirms the stationarity of s. The contract is symmetric across all individuals. Using the first order conditions for y(z,A) and s'(A'), i.e. (9c,d,e,f), with (10), (13) and (14) yields
the risk-free discount factor among intermediaries, which closes the solution for the model.
In fact, r is the price of one unit of consumption in every state next period. To see this, note that the marginal rate of substitution in the growth framework (here with logarithmic utility) is
i.e. it only depends on the growth factor not levels. Hence, we can explore this property in studying asset prices, e.g. Mehra and Prescott (1985) , Hansen and Jagannathan (1991) . From the first order necessary conditions for y(z,A), (9c,d) using (14) yields
so that the asset pricing formula for the one period risk free asset, b E z',A' [MRS(z',A')] , can be applied to deliver (15).
Let q(z,A) denote the price of a claim, among intermediaries, to all future risky dividends from the technology, i.e. the price of equity in this economy. For the logarithmic utility case examined here, it must solve the recursive formula
which, as in Mehra and Prescott (1985) , yields a system of A´z linear equations in the q(z,A) unknowns. Since shocks are i.i.d. and utility logarithmic, the stationary solution is
and the excess return is a function of the discount factor b. 13 Therefore, the price of equity is going to be (19) in all economies discussed below, so that we focus on the risk-free asset which relates to the marginal rate of substitution which in turn is only a function of the growth factor.
To sum, the solution is consistent with on going growth of levels, and allocations per quantity of capital and prices, i.e. {t(z,A),
is offered to all with the right incentives for each type to reveal truthfully, i.e. a separating equilibrium. In particular, the intermediary provides surplus to the low productivity individual to avoid making a larger investment in that individual. On the other hand, the high productivity is indifferent but has no incentive to deviate from truth-telling.
IV. GROWTH AND ASSET PRICES WITH ALTERNATIVE ARRANGEMENTS
We proceed by examining alternative stochastic and informational structures and their impact on asset prices, growth and variability.
IV.A. Aggregate Uncertainty Only
Consider first the simplest case of no private information in the returns to capital with z=0, all z.
Then, this economy is the Brock and Mirman (1972) 
c(A) = (1 -
Thus, we have that 
where m = p g + (1-p) b. Thus, we have that
the full insurance (full risk sharing) of idiosyncratic risk solution. In this case, there is a full transfer, t(b)>t(g), to the low productivity individual to allow equality of consumption and investment across individuals.
Consider the case of aggregate and idiosyncratic uncertainty, but no private information of the idiosyncratic shock so that z is fully observed by the intermediary. Again, there is no discrepancy between aggregate and individual quantities as in the representative agent case because the principal, who is risk neutral, bears all the risk of the individual uncertainty, thus providing full insurance to the idiosyncratic component of the risk averse individual. However, the individual is not insured against aggregate shocks. The closed form solution for this economy is obtained from (9) with l(A)=0, all A, yielding
Thus, we have that
y(g,A) = y(b,A), c(g,A)= c(b,A), t(g,A) < t(b,A), each A
all contingent on the aggregate shock A. Full insurance (full risk sharing) for the idiosyncratic risk is provided by the principal, with full transfer contingent on A.
IV.D. Idiosyncratic Shocks Only with Private Information
The three arrangements discussed so far have yielded allocations where the individual quantities are equal to the aggregate per individual quantities due to the provision of full insurance for idiosyncratic shocks. Consider now a case of no aggregate uncertainty in the returns to capital, or E[A]=A=1 constant, with private information of the idiosyncratic shock so that z is not observed by the intermediary as in Khan and Ravikumar (1997) . There is discrepancy between aggregate and individual quantities because the principal, who is risk neutral, is not going to bear all the risk of the individual's uncertainty, thus providing only partial insurance to the risk averse individual.
The private information requires a revelation mechanism to induce truth telling among heterogeneous individuals. The partial insurance mechanism is endogenously determined by the optimal contract (9). 14 This economy has the appealing property that individual allocations are more variable than aggregate per individual allocations as documented by Deaton (1991 Deaton ( , 1992 and Pischke (1995) . A closed form solution for this case does not exist. The functional solution obtained from (9) with l>0 so that the temporary incentive compatibility constraint (6b) holds with equality, and E[A]=A=1 constant, yields
where h>0 is the Lagrange multiplier on (7) satisfying (10). Kahn and Ravikumar (1997) characterize the optimal contract obtaining
First, the high productivity individual receives a higher investment thus can enjoy higher consumption, and receives a smaller transfer. Hence, we see from (23a,b,c)- (24) In this case, different individuals have different consumption and investment bundles and the transfer scheme is endogenously partial since the optimal contract provides the right incentive for individuals to reveal their idiosyncratic productivity truthfully. The optimal contract generates a current transfer, in terms of the excess of production over consumption plus investment, from the high productivity to the low productivity, so that
Under autarky, each would consume and invest out of its own productivity without net trades and each side of (25) would hold with equality; and under full risk sharing the differences would be
fully traded so that c(b)+y(b)=c(g)+y(g).
The mechanism provides the right incentive for the low productivity to reveal truthfully without giving incentive for the high productivity to deviate from truth-telling. Hence, the high productivity individual receives higher consumption and investment whereas the low productivity receives lower consumption and investment. In this case, we can show that the marginal efficiency of the contract can be expressed as
where p A = p, for A=1 constant. Thus, the efficiency of the contract increases with the spread of y(z), or the variance of z through the term p(1 -p), i.e. the variance of the one trial binomial. In this case, as the variability of z increases, the marginal cost of deviating from truth telling increases and the contract becomes more efficient in partially insuring the increased idiosyncratic risk.
IV.E. Aggregate and Idiosyncratic Shocks with Private Information
The most general case is the one with aggregate and idiosyncratic uncertainty, and private information of the idiosyncratic shock so that z is not observable by the intermediary. There is discrepancy between aggregate and individual quantities with endogenous partial insurance of the idiosyncratic shock, however, as before, aggregate risk is systematic at the individual level. The closed form solution for this economy does not exist, and the solution from (9) with l(A)>0, i.e.
the temporary incentive compatibility constraint (6b) holding with equality, yields
where h(A)>0 is the contingent Lagrange multiplier on (7) satisfying (10).
First, consider the case where p A =p for all A. Then, given the probability functions for the aggregate and idiosyncratic shocks, we have that
Thus, by (27)- (28), the individual variability is enhanced by the superimposition of the aggregate uncertainty on the idiosyncratic shock relative to the absence of aggregate uncertainty. Again, the optimal contract generates a transfer of current production over consumption plus investment, from the high to the low productivity type, contingent on the aggregate state A, or
b+ A < c(b,A)+ y(b,A) < c(g,A) + y(g,A) < g + A , each A.
We can show, using (28a), that
implying that
h(G) > h(B)
and the marginal cost of lifetime utility is larger in the good aggregate state relative to the bad aggregate state because there is overall higher consumption and growth in the good aggregate state for all types. However,
implies that
Thus, by (30), the marginal cost of deviating from truth telling, or the marginal efficiency of the contract may be higher or lower across aggregate states depending on the variability of the idiosyncratic shock across aggregate states. If there is more idiosyncratic variability in the good aggregate state, then l(G) > l(B) and the contract is more efficient in that state, and vice versa.
The price of the risk free asset, r (and MRS ) varies directly with the variance of z and the variance of A. Thus, from the perspective of the excess returns, there is more variability in the MRS and thus an improvement in the excess return, relative to the absence of either z or A.
Next, consider the additional effects where p is contingent on A. First, the orderings
y(A,g)>y(A,b), c(A,g)>c(A,b), and t(A,g)<t(A,b)
are preserved for all A. However, depending on how the probability function shifts with changes in A, we can end up with alternative rankings in (28). First, examine the case when p G >p B , or the probability of the high productivity type is larger in the good aggregate state. By expressions (28)- (30), the individual variability is enhanced by the superimposition of the aggregate uncertainty on the idiosyncratic shock relative to the absence of aggregate uncertainty, or a positive correlation between z and A does not allow for diversification of risk.
However, when p G <p B , the probability of the high productivity type is smaller in the good aggregate state. In this case, an increase in the variance of z, given A, has to take into account the additional effect of A on p A , which goes in the opposite direction. A negative correlation between z and A allows for some diversification of risk. Therefore, with aggregate uncertainty, the additional effect dampens the variability of individual quantities enough to make it smaller relative to the case of no aggregate uncertainty. Hence, the main result here is that with aggregate uncertainty, the variability of individual quantities is mitigated. The same is possible for the price of assets in this case. An increase in the variance of z, given A, can decrease the variability in the under imperfect risk sharing, a negative correlation between z and A, reduces the variability of individual quantities. Table 1 presents a summary of the results in the alternative arrangements for the expected (over z) growth factor, the discount factor (price of risk-free asset for intermediaries) and the marginal cost of deviations from truth telling or the marginal efficiency of the contract. As seen above, in the case where p A =p for all A, the expected value of the growth factor with respect to the aggregate shock, E z,A [y (z,A) ], depends on the probability distribution of z and A. But, if p changes with the aggregate shock, then there is the additional channel where the expected growth factor is sensitive to the variability of both z and A. Similarly, for the price of the risk-free asset, it depends on the probability distribution of z and A, and the additional channel if p changes with the aggregate shock. The marginal efficiency of the contract, l(A) depends on the variability of the growth factor, and p A (1-p A ) which is the variability of the one trial binomial for the idiosyncratic shock.
IV.F. Comparisons and Simulations
We can show, using the first order conditions (9) and the equilibrium condition (13) that
Hence, we can establish from 
r | full information < r | private information (31b) so that, private information reduces the contingent average (over z) growth factor for each aggregate state. This is one of the main results of Kahn and Ravikumar (1997) . Taking into account the additional channel where p depends on A, then
so that private information reduces the average (over z and A) growth factor and increases the discount factor. However, the key result here is that aggregate uncertainty mitigates the effect of private information, so that
The gap between expected growth is smaller when there is aggregate uncertainty. Figure 2 shows the right-hand-side of (33) (ii) the mitigating effect is never strong enough to reverse the inequality in (32a), that private information decreases expected growth. Thus, for either a positive or negative correlation between z and A, the effect of aggregate shocks on p can mitigate, but not reverse, the inefficiency caused by private information on expected growth.
The numerical values in the figure come from Tables 2a,b ,c, where we present numerical simulations for the case of aggregate and idiosyncratic risk with and without private information.
In Table 2a , we have the case of maximum variance, p G =p B =0.5, of the idiosyncratic shock and the discrepancy between expected growth is largest as illustrated in Figure 2 :
In Table 2b Therefore, providing public insurance mechanisms for aggregate shocks in the manner analyzed by Attanasio and Rios-Rull (1999) would be detrimental to expected growth under private information. Insurance to aggregate shocks would counter the mitigating effect of aggregate risk thus leaving agents bearing the negative effect of private information on expected growth.
Comparing expected growth across columns shows that aggregate uncertainty induces more substantive growth effects relative to idiosyncratic uncertainty only (a comparison of the growth factor down each column). For example, in the case of full information in Therefore, the growth effects due to idiosyncratic shocks only may be "small," as pointed out by Khan and Ravikumar (1997) , but adding aggregate uncertainty has the potential to make the growth effects of private information larger.
Comparing Tables 2a,b (Table 2b) , the discount factor increases so that the risk free interest rate decreases improving the excess return. However, when p G =0.2<p B =0.8 (Table 2c) , the discount factor decreases so that the risk free interest rate increases thus reducing the excess return, again confirming that aggregate uncertainty may affect the excess return both ways. In all cases, the inequality in (32b) is preserved so that aggregate uncertainty does not reverse the result that private information increases the excess return relative to full information.
V. CONCLUSIONS
We argue that aggregate uncertainty is potentially important for the individual decision making process. Idiosyncratic uncertainty alone seems to yield a plausible explanation for the discrepancy in the variability of individual versus aggregate per individual quantities. Adding aggregate uncertainty provides possible additional channels that can either increase or decrease the variability of individual versus aggregate per individual quantities. The end result is sensitive to the way aggregate uncertainty affects the probability distribution of the idiosyncratic shock, i.e.
the sign of the correlation between individual and aggregate risk. We show that cases where the individual variability may decrease are associated with a probability of high individual productivity being large when the aggregate shock is bad, i.e. the correlation between individual and aggregate risk is negative. We confirm the result of Khan and Ravikumar (1997) The effects of aggregate and idiosyncratic uncertainty on the risk free asset price were also examined and they work in the plausible direction of increasing the excess return by decreasing the risk free return, e.g. Heaton and Lucas (1992) . However, we show that this result is also sensitive to the sign of the correlation between individual and aggregate risk.
Further research regarding extensions to the more general isoelastic utility function and issues relating to income distribution is certainly worth pursuing. A more important avenue regards the foundations of the relationship between aggregate shocks and the probability distribution of individual idiosyncratic shocks. 
